Irrigation with treated wastewater (TWW) is a vital alternative for arid and semi-21 arid lands but it poses pollution-risk to soil, vegetation and groundwater. Therefore, in the 22 present study, in vitro bioassays were used to evaluate the adverse effects of TWW and irrigated-23 soil extract sample, on mammalian cells, with respect to heavy metal -Ni, Cd, Pb, Fe, Al-24 content. The heat shock protein (HSP) 47, E-screen, and transepithelial electrical resistance 25 (TEER) assays served to investigate the stress response of treated-HSP47-transfected Chinese 26 hamster ovary (CHO) cells, the estrogenic activity of the samples in MCF-7 breast cancer cells, 27 and the barrier function (BF) of Caco-2 cells. Furthermore, proteomics analyses were performed 28 to shed light on involved mechanisms and to establish pollution biomarkers. Results showed that 29 the TWW elicited a stress response on HSP cells from 0.1% concentration while soil extract 30 samples exhibited a stress at 1%. TWW induced an estrogenic activity at 10%; up-regulating cell 31 proliferation and tumor-related proteins. Soil extract triggered the enhanced expression of HSP70 32 family proteins as survival mechanisms against their cytotoxicity toward MCF-7 cells. Moreover, 33 depending on the concentration, 1% of soil extract from 20 cm depth (T20) resulted in a 34 disruption of BF in Caco-2 cells involving cell metabolism, protein synthesis and tumor marker 35
Introduction

45
Wastewater reuse for irrigation and groundwater recharge is considered a sustainable option 46 to satisfy a sharply increasing water demand in arid and semi-arid regions. Despite of the potential socio-economic benefits derived from wastewater reuse, irrigation with wastewater (Amersham Biosciences, Uppsala, Sweden) apparatus, the proteins were then separated 204 according to their isoelectric point under conditions provided in the 2D-protocol. For second-205 dimension, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), the 206 proteins were separated according to their molecular weight using Ettan DALTsix 207 electrophoresis system (Amersham Biosciences, Uppsala, Sweden) (Talorete et al., 2008) . The 208 coomassie brilliant blue (CBB)-stained gels were scanned using Image-Scanner (Amersham 209 Biosciences, Uppsala, Sweden) and the spots were analyzed using the ImageMaster 2D-Elite 210 software (Amersham Biosciences, Uppsala, Sweden). For mass spectrometry, protein spots of 211 interest were excised from the CBB-stained gel, washed, and digested in-gel with trypsin 212 (sequencing grade; Promega, Tokyo, Japan). All liquid chromatography tandem mass 213 spectrometry (LC/MS/MS) mass spectra were acquired on a 3200 QTAR Pulsar (Applied 214 Biosystems, Foster, CA, USA) mass spectrometer. The obtained peptide sequence tags were used Three to four independent experiments were carried out for each test. For statistical analysis, 221 all data were tested for normality (Kolmogorov and Smirnov) and homogeneity of variances 222 (Levene test) and were found to satisfy the assumption for analysis of variance (ANOVA). The physicochemical parameters as well as the heavy metal content in the TWW and soil 231 extract samples are presented in Table 1 . For most of the heavy metals, the levels in the TWW 232 sample were within the local guidelines. However, the Cd content in the TWW was broadly 233 much higher than the Tunisian standard of 10µg/L (over 17-times).
Results
234
Overall, the heavy metal levels in the irrigated soil were higher than the control soil (C10 and 235 C40) due to the prolonged irrigation (20 years). For the irrigated soil, Ni, Al, and Cd profiles 236 showed a similar trend with high levels in the top soil at 20 cm and in depth beyond 90 cm.
237
Nevertheless, only the Cd level was revealed to be higher than EU and US guidelines for both 238 irrigated and control soils. 
Stress response effect of the TWW and soil extract samples on HSP(+) cells 241 242
The stress response of HSP(+) cells exposed to the TWW sample was estimated using the 243 HSP47 assay (Fig. 2) . Interestingly, the results showed that the TWW samples exhibited a dose 244 dependent stress with a peak registered at 1% concentration.
245
To investigate whether the irrigation with TWW conveys any harmful effect on soil, the 246 HSP47 assay was carried out using the irrigated or rain-fed soil extract samples taken at several 247 depths. When the stress response of HSP(+) cells was tested, 3 h-treatment with irrigated soil for T90 sample. Interestingly, no significant stress was observed for the control soil extract 250 samples at both depths C10 and C40. Moreover, the highest stress was induced by T20 and T90 251 samples. The modified E-screen assay was carried out for the latter samples to detect the presence of 
261
Using MCF-7 cells, we determined by the modified E-screen assay whether the soil extract 262 samples can induce a significant estrogenic activity (Fig. 3) . Overall, the samples were more 263 cytotoxic on the surface soil (0-20 cm) rather than in depth (90 cm). Among the different profiles 264 and concentrations T20 at 1% concentration, representative of the cytotoxic effect, was selected 265 for further investigation by the proteomics analyses in addition to the control soil C40 at the 266 same concentration. Following the results given by the modified E-screen assay, the TWW sample at 10%, the 271 sample T20, and the control soil C40 at 1% concentration were selected for investigating the TWW  C10  C40  T10  T20  T40  T60  T90 0.001% 0.010% 0.100% 1% 5% 10% 20%
Proteomics analyses for MCF-7 cells treated with TWW and soil extract samples
Figure captions
Control cells (E 2 )
Estrogenic activity (% C40-1% 0.835 ± 0.011 1.104 ± 0.009 0.866 ± 0.008 C40-5% 0.849 ± 0.007 0.86731 ± 0.014 0.919 ± 0.011 1.038 ± 0.008 T20-1% 0.645 ± 0.001 0.412 ± 0.003 0.219 ± 0.004 T20-5% 3.298 ± 0.002 1.56704 ± 0.005 0.443 ± 0.007 0.305 ± 0.002 
